Introduction
In response to shortcomings in Australia's telecommunication infrastructure (Barr 2008; Given 2008; Middleton 2009; Middleton and Chang 2008) , the National Broadband Network (NBN) was announced in April 2009 to connect Australians to broadband (NBN Co Ltd 2010a). The NBN was described as the largest single infrastructure project undertaken in Australia, with an initial estimated cost of A$43 billion (US$33bn) (DBCDE 2010) .
Previous studies have discussed the strong potential of telecommunication infrastructure to influence societies, economies, and urban environments worldwide (Frieden 2005; Grubesic 2010 ; Lee et al. 2005; Middleton 2009; Savage and Waldman 2005) . More specifically, in the Australian context, the NBN has highly influenced and in turn, been greatly affected by the political setting (Given 2008; Tucker 2010) . Perhaps the high point of the latter was when three independent MPs cited the NBN as one of the key reasons motivating their support for Labour over the Coalition following the hung parliament at the 2010 Federal election. On the other hand, following the 2013 Federal election, the change of the political setting had an utmost effect on the roll-out of the NBN, as the newly elected Coalition Federal Government decided to reassess the scale of the national fibre project, and put the roll-out on hold in a large number of areas. As of November 2013, only 300,000 premises listed in the earlier roll-out phases were guaranteed to be connected directly to the fibre network. Since then, the announcements made by the Coalition Federal Government confirmed that a mixed technology network will be adopted (Turnbull 2014) , which means the roll-out speed could be significantly different for the rest of the country (Duke 2013; Turner 2013 ). This paper avoids making any judgement about the recent political decisions around the roll-out of the telecommunication infrastructure. Instead it welcomes the current state as an opportunity to consider and analyse the efforts put into the national project over the last few years. It is perhaps time to acknowledge that despite the hefty investment on the NBN, there remains a dearth of evidence-based research to understand the specific implications of the new infrastructure. Very little attention has been paid to the specific impacts of the fast-growing telecommunication infrastructure at the local planning level (Grubesic 2012; Maeng and Nedovic-Budic 2004) . Moreover, the recent decision by the Federal Government to build the national fibre project using mixed technology will have enormous impact on the distribution of telecommunication across the nation (Nirmalathas 2014) .What can be said with certainty is that Coalition's NBN will leave the country with a patchwork of different levels of access to the infrastructure. This will intensify the need to investigate and evaluate the implications of telecommunication at the local level across the nation, as Australian local government authorities (LGAs) then need to respond differently based on the level of access provided in each case. For many local governments, it means that even within their own jurisdictions, they have to deal with a diverse level of access to telecommunication infrastructure.
The paper opens a discussion on the different approaches taken by Australian LGAs towards the NBN.
It starts with the history of the NBN roll-out plan. It then continues with a review of broadband infrastructure and local planning in the international literature around the three main areas of implications, namely e-governance, socio-economic development, and spatial planning. This provides the foundation for the empirical part of the paper through which data were collected from the Australian
LGAs involved with the early NBN roll-out using an online survey. This paper is only a beginning in the mapping of the implications for local planning of the telecommunication infrastructure, and the role played by the Australian LGAs in relation to the dynamics of the NBN over the last few years. The findings reveal an interesting diversity in the approaches taken at the local level, and show how decision-making at higher levels of government impact local outcomes.
The national broadband network in Australia
In April 2009, the Australian Labour Federal Government announced the formation of the National Broadband Network Company (NBN Co) to enable the broadband roll-out (NBN Co Ltd 2010b). This was shortly followed by a second announcement in which the NBN roll-out started with a three-stage trial phase in the island of Tasmania (NBN Co Ltd 2010a , 2012a . However, the roll-out of the Additionally, in March 2012, the first stage of the large-scale roll-out was released to provide NBN fibre to a third of the country, including over 3.5 million homes in 1,500 communities (NBN Co Ltd 2012b). It was envisioned that the localities included in the updated schedule would be connected to the fibre-optic component before mid-2015. However, the result of the Federal election in 2013 changed the fate of the NBN roll-out. The elected Coalition Federal Government decided to reassess the scale of the national fibre project, and put the first stage of the large-scale NBN roll-out on hold. Connection dates were scrapped for almost two-thirds of premises that had been scheduled to connect to the NBN under the first phase of the nationwide fibre-to-premises roll-out. As of October 2013, only 300,000 premises listed in the first large-scale roll-out phase were still guaranteed to be connected directly to the fibre-to-premises network (Duke 2013; Turner 2013) . The Coalition's version of the NBN will cover the rest of the nation using mixed technologies, with varied levels of access and final speed (Turnbull 2014) .
Since its origin, the NBN has been an important part of the political debates as the two major Australian political parties have different approaches on how to deliver the NBN, particularly on the technical details and the final roll-out speed. This paper, however, focuses on understanding the uptake of Australian local governments involved with the early roll-out of the NBN. The analysis will provide an opportunity for local planning to better engage with the telecommunication infrastructure, based on the lessons learned from the NBN early roll-out experience.
Local governments and telecommunications (broadband) infrastructure
The link between local governments and telecommunication infrastructure is an under-studied area, which is perhaps understandable given the short life of the new infrastructure and the conservative nature and restricted resources available at the local level of governance. Having said this, the following offers a brief review of the international literature to illustrate the international perspective on the subject. It then presents some of the federally funded initiatives provided in the Australian context to facilitate and guide the local implications of the NBN. A combination of the international perspective plus the federally driven Australian initiatives will then inform the design of the empirical part of the paper.
International perspective
A growing body of international literature is investigating the broad implications of telecommunications for urban and regional planning, loosely categorised under three areas of e-governance, socio-economic development, and spatial planning. The following offers a summary of these, with a focus at the local government level through which the level of uncertainty in this emerging area is well presented.
e-Governance: An extensive body of literature has investigated the impact of telecommunication infrastructure on the nature of governance at both national and local government levels. Different studies describe e-government as the use of telecommunication technologies by public organisations to manage, redefine and disseminate information, communication, and transaction relations with individual citizens, businesses and the general community at large (Edmiston 2003; Maeng and Nedovic-Budic 2004) . The implementation of e-government is expected to create increased government access, better public service delivery, internal efficiency and long-term saving; and to support political accountability, and participatory democracy (Bekkers 2003; Irani et al. 2005; Jesuale 2006; Moody 2007; Steyaert 2000) . However, research coming out of the US and Europe warns that, while the beneficial prospects of all levels of government are high, e-government has been penetrating at higher levels of government much more rapidly than at local government level (Edmiston 2003; Conroy 2006, 2009; Simpson 2005) . This is despite the push from the public for local governments to more actively incorporate online applications facilitating e-government in the assessment of urban planning proposals (Evans-Cowley and Hollander 2010).
Socio-economic development:
Socio-economic research argues that public infrastructure is a powerful driver of business productivity, investment, economic growth and social prosperity (Aschauer 1989; Button et al. 1995; Gramlich 1994; Seitz 1995) . Moreover, governments' direct and indirect involvement with broadband infrastructure worldwide is often justified by reference to social equity grounds; and is based on assumptions that the new technology-based infrastructure will increase productivity and innovation, and guarantee long-term economic competitiveness (Alizadeh et al. 2011; Martin 1999; Willson et al. 2009 ). This justification is founded in part on the literature generated over the last 10 to 15 years, describing the potential economic and social benefits of such infrastructure for businesses, households and the overall community (Galloway 2007; Hesham 2000; Katz et al. 2010; Martin and Rogers 1995) . However, few empirical studies have analysed the impacts of telecommunication infrastructure post-implementation (Lee et al. 2005; Strategic Networks Group 2003) . Among them, even fewer have focused at the local level, and quantified the positive socioeconomic gains as a result of the broadband network deployment (Ford and Koutsky 2005) . In other words, the empirical research in this area is still in its early days; and it is extremely complex to establish beyond doubt that the infrastructure per se results in a change in an economic indicator. Even though the results should be qualified as 'preliminary evidence', broadband deployment needs to be considered as an important policy issue for any local government seeking to play an active role in the new economy.
Spatial planning:
There is a consensus in the literature that spatial planning does not have specific tools to deal with telecommunication infrastructure and its urban and regional implications. Studies focusing on telework, as one of the ramifications of telecommunication, have long referred to cases where planning regulations in-place do not allow for mixed-use development, and hinder web-based home businesses (Alizadeh 2013; Handy and Mokhtarian 1995) . Planning responses to other ramifications of telecommunication such as new land uses (telecom hotels and telework centres) are also documented as more varied than uniform (Alizadeh et al. 2014; Maeng and Nedovic-Budic 2004) . While some local planning jurisdictions have been facilitators of the telecommunication-related land uses, others consider them as conflicting land uses. In general, the literature sees local governments as being more reactive than proactive in dealing with the emerging land uses and their potential impacts (Evans-Cowley et al. 2002) . Nevertheless, there is an emerging trend to regulate ICT-related developments and issues through zoning, and designation of special districts or industrial corridors accompanied by tax-based incentives (Maeng and Nedovic-Budic 2004) .
Australian context
The introduction of the NBN in Australia was followed with the development of a National Digital Strategy (DBCDE 2011b) that introduced a range of locally based initiatives to speed up some of the potential socio-economic implications of the new infrastructure at the local government level. The national strategy also included funded initiatives such as the Digital Local Government Programme to facilitate e-governance at the local level (DBCDE 2011a). Over the last few years, a growing number of LGAs have started to develop local digital economic strategies to increase the possibilities for their local communities. However, it is important to understand that the majority of Australian local governments have either not incorporated broadband opportunities in their current plans, or are only in the preliminary stages of developing a digital economy strategy (Alizadeh and Sipe 2013) . The following briefly introduces the three main federally funded initiatives that aimed at guiding and advancing the implications of the NBN at the local level:
Digital Hub Programme: The Digital Hub Programme was rolled out in 40 communities around Australia, and aimed to assist local communities to increase their online engagement and better understand the opportunities of the digital economy. Services offered included training, high-speed internet, and access to online government and education services, videoconferencing, and various other innovations.
Digital Enterprise Programme:
This was rolled out to 69 communities, and aimed to provide free training and support for small to medium enterprises (SMEs) and not-for-profit groups to assist them in transitioning to delivering services online, improve productivity, reach wider markets, increase efficiency and use videoconferencing. It also aimed to assist not-for-profit groups to use social media and deliver more products and services using online means. It included a 'virtual advisor' programme to also aid indigenous people and groups, and not-for-profit organisations in regional, rural and remote areas.
Digital Local Government Programme: This programme, as part of the National Digital Economy
Strategy, aimed to fund LGAs in providing innovative online services to customers and residents. The aim was for innovations that could be used by LGAs across Australia, and that helped LGAs improve the quality, availability and speed of services.
Methodology
This study used a combination of a desktop review and an online survey to collect data on the implications of the NBN in the early roll-out LGAs. The NBN Co website, and the websites of the 60
LGAs involved in the initial roll-outs of the NBN (Figure 1) were extensively monitored. The initial research involved identification of the LGAs affected by the early roll-out. The NBN Co website lists specific suburbs rather than separate LGAs, so it was necessary to match the mapped areas to specific
LGAs.
An Excel spreadsheet was created with the name of the LGAs, the suburbs involved in the NBN rollout, URLs of the LGAs, and if possible, the names of the contact officer for any local digital strategy or other relevant information on the NBN, high-speed broadband, or economic strategy. The final spreadsheet contained 59 LGAs.
A short questionnaire survey was emailed to the LGAs identified in the desktop review. When names and email addresses were available, emails were sent directly to the contact officers; where not available, emails were sent to the customer service email address given on the LGA's website. One tranche of emails was sent, and three weeks later, follow up emails were sent to the non-responders.
Two
LGAs were not contacted directly, Brisbane City Council (information on this LGA is already known to the researchers) and the ACT government (as this is a Federal jurisdiction, and governance and funding arrangements of this region were deemed too dissimilar to the other LGAs). The email survey which was entitled, "LGA Responses to High-Speed Broadband" consisted of five items. Question 1 asked for the name of the LGA, and Question 5 asked if the respondent wished to be involved in further research (a short telephone interview) and if so, to provide their name, email and telephone number. The remaining three questions were based on the desktop analysis of the LGA websites, and the relevant literature, and were as follows:
 Question 2 asked "How important does council consider access to high-speed broadband?"
Respondents were requested to rate this on a numerical scale, ranging from 1 (very important) to 5 (very unimportant).
 Question 3 was based on the literature review which identified the three broad areas where telecommunications might impact on local government, and asked "In which areas of the council business do you expect to see the most implications of the high-speed broadband?" The options given for this included: e-governance, land use planning, socio-economic development and other. The question allowed for multiple choices.
 Question 4 asked, "How has the council responded to the roll-out of the NBN/fast broadband?"
The options were based on the literature and some of the federally initiated funds available to the local governments, and included: drafting or implementing a Digital Economy Strategy within council; hiring consultants to investigate or produce a digital economy strategy; creating a Digital Hub; joining a coalition of councils to promote digital economic strategies; not yet responded; and other. This question also allowed for multiple choices.
The questionnaire survey was an embedded Google Form within an email, and linked to a Google Documents spreadsheet, which was updated when a survey was returned. The information from various sources was copied to a master Excel spreadsheet, which had additional information, such as size of the
LGA, location (urban, regional or remote), state, links to the mapped NBN roll-out areas and a rough approximation of the proportion of the LGA included in the roll-out. Given the small number of LGAs, statistical analysis consisted of frequencies of responses only, together with graphs of responses.
Of note, the NBN early roll-out LGAs all experienced a phenomenon that all local governments across the nation will go through sooner or later. Although the speed and the technical details of the Coalition's NBN may vary from the early roll-out, the latest decision is yet to provide broadband infrastructure (one way or another) across Australia. Having said this, the online survey conducted for this study portrays a snapshot of the major implications of the new infrastructure roll-out on the first release sites which could be useful for local planning for telecommunication infrastructure across the nation and beyond. This exploratory methodology could also set the foundation for further longitudinal studies to examine the local implications of the new infrastructure over the years to come.
Results: what we learned
Of the 59 LGAs emailed, 28 LGAs responded giving a 47% response rate, which is relatively consistent with response rates for online surveys (McNulty 2008) . Of those who responded, 17 stated on the email survey that they were interested in participating in a short interview. A total of ten were eventually interviewed, and the results of the interviews have been reported in a recent paper (Alizadeh and Shearer 2015) . The
LGAs responding to the survey were differentiated into the following three categories: urban (i.e.
City of Gold Coast, Penrith); regional (i.e. Greater Taree, George Town); or rural (i.e. Glamorgan 
Importance of access
The majority of LGAs considered access to high-speed broadband as either highly important or highly unimportant (Figures 2 and 3 ). This apparently dichotomous result could be interpreted in a number of ways; including confusion when filling in the survey (two LGAs interviewed in the subsequent research phase indicated that they had incorrectly ticked "very unimportant" instead of "very important"). This may also be indicative of whether the LGA was situated in an urban area (already having access to a range of broadband options, such as cable and ADSL2) or in a rural or regional area, with limited access.
A brief scan of the answers showed that all councils (with the exception of one large regional town) that ticked "very unimportant" were located in inner urban areas of major cities, such as Melbourne.
Figure 2: Population of LGAs responding to survey
Such a bifurcated pattern (urban vs rural) links well with the previous studies (Grubesic and Murray 2004; Mack et al. 2011 ) investigating spatial justice implications of telecommunication with a focus on digital divide (Doctor 1994) . The literature points out the complex and dynamic interplay between geography, socio-economic status, and market forces which resulted in the uneven distribution of broadband infrastructure across the US Rowe 2003) . In the Australian context also, the question of equity and spatial justice is important, as our survey results show how eager rural local governments are for the new infrastructure (considering it "very important"); this is the same infrastructure which is already easily available in major urban local government areas.
Figure 3: Frequency of response to degree of importance given to access to high-speed broadband

Areas of involvement
The following question asked, "In which areas of the council business do you expect to see the most implications of the high-speed broadband?" The choice of answers was: e-governance, socio-economic development, land use planning, and other. Respondents were allowed to choose multiple answers.
As shown in Figure 4 , the majority of LGAs chose socio-economic development, followed by egovernance, and to a lesser extent, land use planning. A number of respondents ticked "other", and answers included: 
Figure 4: Areas of council business relevant to high-speed broadband
As is evident above, respondents felt that high-speed broadband was relevant to a wide diversity of council business, ranging from infrastructure (upgrading assets), to economic growth (digital productivity), customer service, and innovation.
An overview of the council's perception of the potential impact of telecommunication on local governments shows a broader understanding towards socio-economic implications. Such positive perception is founded in part on the literature generated over the last 10 to 15 years, describing the potential economic and social benefits of broadband infrastructure including increases in employment, economic output, and aggregate consumption at national, regional and local levels (Katz et al. 2010; Lee et al. 2005; Willson et al. 2009 ).
However, the survey also shows a less clear understanding when it comes to the link between telecommunication and land use planning. This is very much in line with the international literature as land use planning has been criticised for not having specific tools to deal with telecommunication infrastructure and its urban and regional implications. Land use planning's responses to ramifications of telecommunication such as new land uses (telecom hotels and telework centres) are also documented to be more varied than uniform (Alizadeh et al. 2014; Maeng and Nedovic-Budic 2004) . Nevertheless, there is an emerging trend to regulate telecommunication-based land use issues and opportunities through zoning, and designation of special districts or industrial corridors accompanied by tax-based incentives (Maeng and Nedovic-Budic 2004) . The online survey results suggest that quite a number of
LGAs involved with the NBN early roll-out are not yet very familiar with such an emerging trend. 
Variety of institutional arrangements in response to the NBN
A wide range of institutional arrangements in response to the NBN were evident, some of which were based on federal funding initiatives, such as the Digital Local Government Programme, but others were quite innovative, and sometimes specific to a single council. Some findings were that the LGAs focused on the roll-out of fast broadband in the field of socio-economic development (e.g. providing multilingual interactive online services to better engage with their diverse local communities), then creating a digital hub, and joining a coalition of councils to promote digital economic strategies (also related to economic development) ( Figure 5 ). Of note, LGAs had widely differing and often innovative responses to some terms, such as Digital Hub, with some LGAs taking this to mean full teleworking centres, and others to mean the provision of free internet in council libraries. As with the previous question, the respondents named a number of other institutional responses:
 We have been allocated grant funding to promote the benefits of the digital economy to SMEs;
 Lobbying Federal Government to include areas of municipality in roll-out;
 Community capacity development, including small business support; With regard to joining a coalition of councils, follow up interviews clarified that this largely referred to the membership of the organisation, Broadband Today Alliance (BTA), and not to a specific coalition of councils set up for this purpose. Four LGAs who were not part of the BTA however, ticked "joining a coalition of councils"; these included one LGA in Victoria, one in South Australia and two in Tasmania. Further clarification was sought with these four councils which showed that they were referring to sub-regional coalitions of councils with the neighbouring LGAs to share resources and exchange experiences in dealing with the telecommunication-based issues and opportunities. More specifically, local governments formed regional coalitions to join forces to be digital-ready (e.g. design and implement suitable online platforms and move away from paper-based services to online alternative formats), and incorporate e-governance opportunities with traditional local government responsibilities (Moody 2007; Weerakkody et al. 2007) . Such attempts are supported by the literature arguing that e-government can create improved decision-making, increased government access, better public service delivery, internal efficiency; and support political accountability and participatory democracy (Irani et al. 2005; Jesuale 2006; Moody 2007 ).
However, research coming out of the US and Europe warns that while the beneficial prospects of telecommunication at all levels of government are high, they are penetrating at higher levels of government much more rapidly than at the local level ( LGAs that used consultants to produce their economic digital strategies were urban, whereas most regional LGAs had insufficient (financial) resources to hire external advisers. Having said this, the coalitions formed between regional LGAs were deemed as innovative ways of pooling together the limited resources available at the local level for better outcomes.
Federally funded vs locally driven initiatives
Many of the telecommunication-related initiatives, noted in the online survey responses, referred to tranches of federal (and state) funding for NBN related initiatives, such as the Digital Hubs, the Digital Enterprise Programme and Digital Local Government Programmes, many of which were still ongoing and were at various stages, depending on the roll-out stage of the LGA. However, the leadership role of the Federal Government (and state in some cases) is now in question following the recent policy and direction changes at the national level. In other words, it does not appear as if any of the above centrally funded initiatives will be renewed. In the absence of funding from higher levels of governments, it is highly unlikely that LGAs will be able to continue all of their telecommunication-related programmes.
This could in turn slow down the process of capitalising on the positive socio-economic and e-governance implications of the new infrastructure, and then could result in Australia lagging behind a number of countries that try to claim their share of digital economy.
Having said this, it is important to acknowledge that a number of initiatives (including the multi-council collaborations, partnering with NBN Co, hiring external consultancies, etc.) to capitalise on the potential implications of the new infrastructure were quite independent of the higher levels of governments and based on locally driven forces. These locally driven initiatives are usually the ones that are under-studied and further attentions are required to fill the existing gaps in the literature around them. Nevertheless, when it comes to locally driven initiatives, there is a diverse pattern, as some LGAs seem to be far more active than others. Different levels of (pro) activity at local level might be explained by the fact that, in each LGA, the proportion of area in the roll-out differed widely, with some LGAs having very high proportions of their area able to access the NBN and others with very small proportions. Moreover, the selection of NBN sites within each LGA was apparently somewhat random, with some central business district areas, new industrial estates, residential areas and business parks missing out. Last but not least, previous studies (Alizadeh 2013 (Alizadeh , 2015 examining the socio-economic status of the early NBN release sites, show a great deal of diversity which could also be linked to the different levels of resources available for the relevant LGAs which could again explain the diverse level of local investment in the new infrastructure.
Conclusion
The paper started with the short history of the NBN in the Australian context, including the political ups and downs that have highly influenced the roll-out of the national infrastructure project since its introduction. It then continued with a brief review of broadband infrastructure and local planning in the international literature, followed by a summary of the federally driven initiatives offered in the Australian context to drive the socio-economic and e-governance implications of the new infrastructure.
Such a comparison between the international vs Australian perspective noted the leadership role played by the Federal Government to speed up some of potential implications of the infrastructure. It was also noted that spatial implications of telecommunications were not properly promoted in Australia. A combination of above international and national investigation provided the theoretical foundation to analyse the Australian context and what has happened so far in the case of the NBN. In the empirical part of the paper, data were collected from the Australian local governments involved with the early NBN roll-out using an online survey plus desktop research.
Two notable outcomes of this study were the significant role played by the Federal Government in funding the NBN, enabling programmes at the local level; and the role of the NBN as an impetus in encouraging locally driven initiatives mostly through collaboration between local governments.
First, many of the institutional arrangements responding to the NBN were based on Federal funding initiatives, such as the Digital Local Government Programme and the Digital Hubs Programme. These funding programmes played a significant role in directing the actions of local governments.
Nonetheless, the individual LGAs often responded to the programmes in varied and innovative ways, such as partnering with the NBN and building on the funding programmes to improve the capacity of small to medium business enterprises. This highlights how federal funding can initiate local innovation and socio-economic development.
Second, the NBN also provided a trigger to encourage inter-council locally initiated collaboration, with
LGAs either initiating and growing a national coalition of councils (i.e. the Broadband Today Alliance) or starting their own cooperative regional groups (i.e. Greater Western Sydney). Respondents largely recognised the value of the NBN to local governments, and even in some cases, councils not included in the NBN roll-out were involved in these coalitions.
To sum up, it is important to acknowledge that this paper is only a beginning in the mapping of the local planning implications of telecommunication infrastructure, and the role played by the Australian local governments in relation to the dynamics of the NBN over the last few years. The recent political decisions made around the NBN will leave the nation with a diverse range of access to telecommunication which means that implications will vary quite significantly based on the different level of access available at the local level.
